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Cassini / 1 lLlyp,cns  scic]lcc  IIISII LIn)cI)ts

1 mMMId 11. .l;iffc aIId 1.IIIcJa  M. 1 ICI tell
.lct l)ropu]sioll 1 ,ahrmto:y, (hlif’o~nia  ]nstitotc of ‘1’cchnolop,y, l)asadcna, CA 91109

A1lS’l’llA(:rJ’

J’IIc (Iasslnj  SlMLXXXWift wil] hI ing Cightmll scicntlflc instI UIIICIItS to S:it LIIII. Aflu  it is inscrkxi into SatLIIll Oli)it,
it will scpa]alc into a Saturn orhitcr  :Ind an atmosphc~ic plobcj called 1 luygcns, which \vill dcscmd  to the
SUI face of ‘J’itall. ‘1’}Ic ()]l>jtcl  will or-hit the p]anct  fo] f’out ycals,  making close flylrys  of flvc satellites. OIh)tCl
instl umcnts  aIc Imdy-mountcci; the spacecraft must hc tmncci to point thcm toward ohjccts of interest. ‘1’hc
ojl)itcl  cat I ics t~vclvr instruments. optical  instrulllcllts  l)~ovicic  iImlp,cly and spcctlomctly.  Racial supplies
imap,inpj, altImchy,  and raciiontctry. Ra(iio Iillks  cmItI il)Lltc  illfoInl:lliol)  :lho~lt illtcl vcl~iw ll~:ltcl ial and gl~vity
f~cl(is,  (M)cI inst] umcnts  IHcasuI-c  clcct]o]l):ip,t~ctic flclds, ]IlasIIuI  p~opcrtics,  an(i pIopc Itics of c]ust paILlclcs.
‘llc l)IOhC  i s  s]Jill-stal)ili7.L:(i. It rcto~ns  ciata  v~a S-h:i IIri ~IILk  to the (h biicr. ‘J’hc ]’Io})c’s  six iIiStl  Umcnts incl  Llric

SCIISOIS to cictc]lninc  :itnlos]hcric  p h y s i c a l  ]mycrtics a])ci mm]msition. ()])tical  sensors  will  ohsm  vc thcllllal

lMI:IIIGC all(i  obtain  im:igcs of ‘1’itall’s atIIIosphcIc  aII(i sm face. ]hp])]cr  mcasLIIcmcnts  hct~vccn l’mhc and (hhitcr
will pIov  I(ic wild prof]lcs. SLIIhicc  scIIsoIs  will InLXISUIC  ilnpact :iccclclation,  thclma] an(i electrical pro]) cr[ics,
4iII(i, if the sulf:icc is ]iqoici, cicllsity all(i Icflactivc  in(icx.

K e y w o r d s :  (;assini, } ]Llygclls,  lIISlt’LllTKVlk,  &ltLlrll,  ‘1’lt?lll

(kssini,  a Saturn ol-t>itcr p]us  a “1’ita]l atnlosJ>hcric  pobc, 1s a joint  utKicItaking twt~vccn the 11. S, N:itional
Aeronautics and Space Agency (NASA), the lloTopc:iIl  Space Ap,crtcy (I ISA),  an~i the lt:ilian S]xicc A.gcncy
(AS]). NASA IS supplying the OIhitc~ and I;SA the J) Iobc, wl]icl) has I)ccn namcci 1 luygcns.  AS] is
contril)utlng  scvcIal major asscmh]ics.  ‘1’his papcl sm vcys the scictlcc ins(Iumcnts  of both the OIl)itcr an(i the
I) IO1)C,  AInoIIg  acmw]ts  of pcItincnt pcvious woIJi aIc Rcfs. 1 -6 .

M:IjoI Foals of the Gssini mission aIc to dctc~minc the clcmmtal,  molcculaI, isotopic anti minc]a]ogic
compositions of S:ituln, ‘1’itan,  the smzillcI satellites, all(i the Iings of the Satmnian systcm;  to cictclminc the
p]lysica], moxpho]ogica],  and gco]ogica]  natLIIc  of these ol)jccls; to dctctmi]!c  the ])hysica]  ami c]lcmicti]
pIoccsscs o])crating in the atmosphc~cs  of Satuln flll(i ‘J’itan, anti 011 the surfaces of the rings and satellites of the
systcm;  :iIICi to [ictcrminc  the physical finci [iynamical  propcx(ics of Satulll’s  nlap,llctosphcIc atI(i  its interactions
with the Iillp,s an(i satellites.

3. MISSION

‘1’lIc  Cassini spaccclafl  is to hc launchc(i in octohcr  1997. It will usc t\vo grtivity  assists fIom  Venus, onc flrom
]{:11 1]),  and onc flom .Jopitcr to Icac]I SiituI-1~  (J;igulc 3). (~]oscst dislallcc to the sun will hc 0.68 A.l J. (kissini
Ivili sciiIch  for gravitational waves :it op]msition  aftcv tllc .lupitm flyby. 1 ,imiicd scicncc mcasulcmcl)ts Jvill ‘bc
llla(i L! cilll ill:, thC t\VO ~C:ll’S lMi O1 tO S:ltLIIIl  CIICOUlltC1

Cassin] will reach Satmi}  ill Joly 2004.  ‘1’hc spaccclaft  will fly hy I]IC  satcl]itc l’hochc 19 ciays hcfmc closest
approach, at [i distance of shout 50,000 km. ‘1’hc SatuIII m~)it insc]tim  mzincLl\’cI wi]] take p]acc jList before
})c[  i apsis [it 1.3 SatLu  II radii (l~igu[c 4). ‘J’hc lnltia] o]hit has a pcI io[i of shout 1 SO ciays anti inc]i]izition of
17 (icg (I;igurc 5). Anothcl  maneuver, ~it first apoapsis, will target the spaccclaft  for I’itan flyby ami raise its
pcI i?ipsc to 8.2 Saturn I:i(iii,



ln NovcInbcI  2004 the 1 luygcns l’Iobc  will bc spmi u]) find Iclcasccl fIom  t}Ic (h biter. It will coast for 2.2. days
af(cl scparxtion,  then enter the “J’itan atmosphmc at about 18 dcg N latitude ami 209 dcg 1; longitude, on tlIc
daylipjlt side ‘1’hc  l’Iobc will bc aclociyl~~illlic:illy clccelcratcxl to an :iltitudc of about 1 9(I km (I:ig,orc 7), at
\vhich heat shield and covcIs will bc jettisoned and a palachutc  (icploycci. l’arachutc  opcni~lp, shoulcl  hc
cmnplctc at 160 kIII  altitll(ic. Chemical :ilmlysis of the 2itIl Iosphclc and othc~ scicncc nlcasurcnlcnts  will begin al
this a]titodc. 1 )csccllt  f)om  190 km to the surface will take 2 to 2,5 ]Iours. I’hc l’robe will impact the SLII f:icc at
5 10 (I m/s. If it survives impact, scicncc mcasurclncnts IImy lx obtainccl  011 the sol facc. 1 ,inc of si.g$t to the
(hl)itcr fo~ data rcl:iy \vill bc availab]c fol at least 30 lninutcs aftcI ilnp:ict (l;i~~,ulc 7) ‘.

Af(m  l’Iohc sc])aratim a sIIIall maneuver will deflect the (hl)]tcr to fly hy- ‘J’ltali  at a minimum altitude of
1500 kin, ancl delay its closest apploach. “1’his  will kcc}~ the (h bitcl and l’lobe in line-of-sight wlli]c Ihc I’IOIK
dcsccnds thlf)ugh ‘1’itan’s  atll]osphc]c,  pclmittitlg  l’Iol>c  data to hc t]:illsmittccl  to lhc (h bitc~ fm storage and
solmqocnt  tlansmlsslon to lkirtll.

“1’\w ci:iys af(cr ‘1’itan cncountcr  a cmlcction  nMIIcuvcI  \vill Icdocc tllc apoapsc of the (hbitcl  ancl ticijust its
tlalccto~y for the :illothcI ‘1’itan flyby. ‘1’hc  (hhitc]  \vill contilluc  OII  a fom-year satellite tour, using rcpcatcd
gl;ivity assists from ‘1’itan to shape ~lIc tI:ijcctory  to satisfy scicncc ol~jcctivcs. A pclimina~y  tour plLIII  includes
shout 60 orbits of %turll alIcl 33 flybys of ‘J’itan at altitudes as lo\v as 950 km l’lans incluclc flybys of the
satellites l;nccladus,  l)ionc,  Rllca anti Iapctos at about 1 (W kIII  distance ami moIc distant flyl)ys  of these
satellites aIId of Mimas, slid ‘1’cthys. ILar(h :iI~d SUII occultatioljs l~y SatoIII, its Iings, and ‘1’it~n  :ilc also plallltcci.
ILllcl-of-lllissioll w i l l  bc .lunc 2008.  ‘J’his tour ]}la~i 1s tclltalivc and will bc Icviscd

4. S1’ACltCRAF’l’  J) I’:SCRIP’J’ION

4.1 Orhilcr

l~igo~c  9 (a aIId b) sho\vs the cmlcnt  spacecraft dcsip,tl. ‘1’hc Chbitc~ is 6.8 mctcIs long lts maximum cfizilactc~
in launc}l cmlflguration is 4 mctcm. ‘J’otal mass of Cassilli at laLIIIClI is apploximatc]y 5600 kg, \vhich incloclcs
shout 2500 kg of dry mass :incl 3100 kp, of pIopclla  Iits.

‘1’hc  main body of t}lc Obitcr is a stack consisting of lower equipment mmlulc, propulsion module, upper
cqoipll]cnt IIIOCIUIC,  find high gain antcllna. Attachccl to the stack aIG the ~cniotc scllsitlp, pillct and the flclds
and pa I (iclcs pal]ct \vith their scicncc instruments, as wc]l as the 1 luygcns l’robe. ‘1’hc t\vo }Xil]cts Car’ly most of
the scicllcc instlamcnts  [I: IGIIRIJ 3-100:4.1-03, “(kssllIi Rcwlotc Scnsillg l’allct”, arid l~l(illl{l; 3-100 :4.1 -(M,
“Cassini h’iclcls ancl l’tilticlcs l’allct”]. A fcw instl unlcnt asscmb]ics :IIC attached to the uppcI  cqoipmcnt II IOC1OIC.
‘1’hc  olbitcl’s  1 2-hay clcctlonics  bus is pall of the uppc] cqui]mcnt  nlOdOIC. An 11 -m nuip,llctonlctcr boom is
ll~ountcd 011 the up])cI cqoipmcni II Iodulc. A COITIII1OII  32-bit cllp,incc~-ing flip,}lt  poccssor is utiliz,cd  by several
cngit)cc~inp, sobsystcms  LIIId  by scvcIal  sclcncc instromcnts. ‘1’hcIlnal  cmItIol is provided hy Icflcctivc
n)ultilayc] illsu]ating,  b]:in!icts,  ~adiato~s, rcflcctivc aIId absorlJtivc }xiints, lou\crs,  shades, Iadioisotopc hcatc]
Ulllts, tlnd clcctIlcLll hcatcl”s.

“J’]Ic oll~itcl is three-axis stabilized. ‘1’hc instruments a]c n]ountcd to the flxcd flame of (1IC spaCCCIaft In
general, the who]c spacecraft must bc turnccl to point thcm in desired directions, thou:)] thlcc of the instruments
plovidc their o\w] articulation about onc axis. ‘1’his  cicsi~l~  was adopted as a cost-saving mcasulc;  Cassini’s
design and opcmtion arc strongly cfrivcm by cost. S])acccIaft  pointin~ accu Iacy \\’ill bc 2 mr or less when the
spcccraft  is not thI L]stinp,  or Iotating 1 lowcvcI,  accwacy  of poitlting will) Icspcct to the object being obscx\wd
is gcnclal]y limited not by spaccclaft  pointing accuracy but hy IIavlp,ationa]  unccltaintics  in the lclativc  positions
of the Spaccclaft  and Ot>jcct.



Coll]lllllllic:ilioll bctwLxII  the (hhitm  and lkilth is at X-ba]~d. ‘1’hc  miximum  plannd data rate from Satutl~ is
142 !il)/s  using gIouI)ct stations with 70-111  anknnas,  35 kl)/s using glound  statio~ls \vith 35-111  anlcmnas.

‘1’l)c oll>itcl a]]tc]]l~as il]c]udc  a 4-111  ]xi][ilmlic  Ilig}l (;rIIII Alitc]ll,a (116A), flxcd to the stluctu~c. l’or high
tclccc)ll~ll~tll~ ictitic)]) latcs the spacecraft must bc micntcd to ]mint t}]c 1 I(+A at lki~th At other times, cspcclril]y
\\’llilc t}lc s]mccclaft  is ill tllc inncv solal sys(c]~l, the ax~s of the 1 I(; A \\’ill hc pointccl CIOSC to the Sun so the
antcnlla will shade ]nost  of t}]c spaccc] aft. l)ulillpj  llIany ]Imllcuvcrs  the axis will lmint in the ctcslrcd direction
of thrus[ ‘J’lIc 1 I(; A IIIUSt point  towaId  the 1 luygcns  l)IObr  whcvl ~ccciving tclcloctly  from the l)iohc, F’or
ollscl vatiolls with ~clnotc-scnsil)g insh unicnis, the spaccclaf( lIIust ]mint  these illst~ umcnts touaId  t}]c rrhjccts  of
scientific interest, so the 1 l(i A cannot thc]l bc poilltcd at lia~th, When t}lc I I(;A cannot bc pointed at }12il (h,
tclccotll!llllilic:lti(~ll  is limitc to low-p,ain  antennas, at Vcly lo\v bit ]atcs,

(ilound cxmln]:inds [inc] nlcmo]y loads go through the ltidlo flcqucncy cc~llllllllllic:ttio~l equipment to the
ComIIm  TId and 1 )ata Subsystcm  (CI)S), \vhich poccsscs tllc~ll al)d dis(libulcs thm~l to irlsh umc]]ts  and othcl
sul~syslcj~)s. ‘1’hc C])S ~l]s(~ rcccivcs dfll~~  fl{)]ll C)thC1  SUbs~stc]I)s,  1)1 OCCSSCS it, fO1lTUltS  it for  tC]ClllCtl~,  SUpl)]lCS
RLxd-Solo IIIoII  encoding, a]ld ctclivcls the tclclllctly to the lddio flcquctlcy suhsyslcm  for tlatlsmissloll 10 ]iarth.
A pail of ]cdundant Mll ,-S’J’J)-] 55311 data huscs plovidc co]l~ll~~l]~ic:ltioll with instruments and other subsystclns,
using }Mckcl tclclllctly, ltach USC1 intclfticcs with the data t)lls tllloupj~ a standzird bus intc]facc unit or a lclnotc
cllg,illcclillp, unit ‘1’l)c  co]lltlltlllicatioll Iatc alloca~ccl to scim)cc  data 011 t he  hus is 430 kh/s, ‘Iwo 1 .8-(ih solid-
Statc IccoldcIs povidc II)ass Sk)12i~C.

4.2 ]luy$yns  ]’rohc

‘1’lIc  1 luyp,cns  l’robe systcIn  incluctcs  hot}] the I’JoI)c ilsclf  a]i(i the lhobc Su])jm)t };qui]mcnt, which Iclnains
att:tchcxl to the olbitcl, ‘1’hc  l’robe Suppo] t ltqui}mlmt  incoxlwliitcs an S-hand ~cccivm to rcccivc tclcmctly
fronl  the l’fohc after scpa~ation, data handlin:, to forward this tclcmcky  to CI)S for later transmission to lkrth,
:Ild al] ultla-stable oscillator for 1{1( dopplc] nlcasulcnicnt  of lhohc velocity lclativc  to the olhitcw.

l’lolw ]I)ass  is :ippIoxlmatcly  340 kg,, of \vliich  shout 50 kg is scicllcc payload. ‘1’hc  1>1 O1>C  consists of a
l)luIIt-IIoscd,  s])hc~c-cone cicscc~it module, cllcascd  ill a coliiml flollt shield, 2,7 ]]] in diameter, which acts as ii

dccclcrator  during atnlosphcric entry, and a hack covcI (I;ip,urc 1 3). Within the dcsccnt moctulc,  the scicncc
ilis(l ulnc]lts  and mosl  othcI  lhohc equipment [IIC II Ioutitcd  011 an il]sll umcnt  pl{itform, ‘1’hc  forwa]  d dOllLC  of tllc
dCSCCllt lllOdLllC  haS CXtCIll:i] Sl)ill  Val)CS  [id thCIC  iS [t S\ViVC]  01) thC }):1 IaChUtC  haIJlcss,  s o  thC lIIOCIL1]C  Wi]] S})11)

duIillg  (icsccnt  to pIovi(lc  scan  fol its camera.

‘] ’])cIc :(IC accc]c]onlctcls  (MI]gc ] O“i to 500 m/s2) to mcasulc hot}] axial dccclclaticrn  and spin,  Rcdunctant
flcqocncy ]nodulatcci  continuous wave raciar altimctcls  measure altitodc from  2(I km down. l!ac}l altimclcr
tlansn]its 60 n~W of 1<1~ at 15.4 or 15,8 (;1 IY.. l)IOl)C  cOIIIllIaII(l  LIn(l data II)aIIagcmcI)t  i n c l u d e s  1 Mh of 0]}-boiild

data sloragc.  ‘I’clcc[~lllrlllll]  icatic)ll aflcr the l’lohc separates f)om the Oll>itcl is limitccl to tclclnctl’y  from l’lohc
to oll)itcl.  1 )ata late ovcI tllc l’Iot>c-to-OIl)  itcr link lvi]l hc 16 kh/s. “1’otal  data ]cturn  from the l’robe is
cxpcctc(i to l)c > 1() Mh.

S. SCltN(:lt ]NS’I’I<Uhl  EN’J”S

S.1 Orhilcr

‘] ’UCIVC scic]]cc illstt ulnctits  aIC Cat  I icd hy the O~hilc].  ‘1’l)cy  alc  l i s t e d  in

Investigator OI ‘1’czim 1 .cadcr for each, as W C]] LLS mass, poIvcI,  and OUtpUt
totals 364 kp,.

‘J’ab]c  1, urhic% also g,ivcs the 1’I inc~pa]

data rtitc. I’hc scicncc payload mass

Most of the illstl umcnts  conttiin mo~c than onc scnsol that plovidcs scientific c]ata, ‘1’hc  t\vclvc inst] umcnts,  as
dcscril)cd  hclow, inc]udc a total of 27 scpamtc SC IISOIS I;[iCl) lnsll U]ncnt luis onc 0] more microprocessors
which  l)CI foIm  i])tc]na]  CX)I1(IO1 and clata  handl ing  fo] that inst] LIIIICIIt,



5.1.1  IIlstr’unlents  - remote sensing

Six of the (hbitcr inshwmcnts  will mciisu~c propcrtIcs  of objwts  IcIootc  from  the s}~accc]af(:  t h e  i m a g i n g
Scict]cc  Suhsystc  III (1 SS),  Visil)lc find lnfra]ccl  Mal)pillg SIIcctIomctc] (VIMS),  Composi(c  lnfla~cd Spcct Iomctc~
((;11<S), lllhaviolct lma~ing SpcchogIaph ((l VI S), Cassilli Radar (R AI)AR),  aIId  Radio Scicmx Suhsyskm
(1{SS) ,  ‘1’lIc  fil S( fouI of tbcsc  rrlc  ]IIounlcd  ancl  co-alip,ncd  on a RclIIotc  Sens ing  l>al]ct and rrIc b o ] c - s i g h t e d

Iop,cthu.  ‘1’lIc  p:illct  is i]) turn  mounted  on i}ic  up~)c]  clcctIonics  II Iodulc  of the (hbitcr.

S.1.1.1 lnl;iging,  Sricncc Sul,systcm ( ] S S )

‘1’IIc l]nap,ing  Scicncc  Sul)systc]li  consists of a wide-arip,lc caIncra,  a IIaIIow-angle camcrti,  and associritcd
clccllo]lics. ILach camcla inc]u(ics optics, flltcr chat]f],illg nlcchanism, sbut(c], and detector head, plus associiitcd
clcc(lonics. ‘J’ho  can~cras a~c used both to acquire scientific data [ind fol optical navig:ition

‘1’}]c  wide-al)~~,lc calncrti has ~cf~:ictivc  o])tics,  with a focal length of ?,00 mm, a focal length/diamclcl ratio
(f nun)l)cl) of 3,5, and :i 3.5 dcg flcld of view (b’ip,(uc 14a). l<cfltictivc optics \vcrc chosen, rathcl than
lcflcctivc,  ]J1 in)alily to mcci mass :ind cos( constraints, t}ic. sc optics \vclc avail:ib]c as spalc from the VoyagcI
missicsm ‘1’hc  na]low-ali:,lc  ca]ncra  has Ritchcy-~hIcticn  lcftcctivc  optics, with a 20( M-nlm focal length, aII
f IIUInbCI  of 1 ().5,  and [i 0,35-dcg  flcl(i of vic\v (I~igulc  14b).  l~iltcls  aIc nioulltcci in two rotatable wheels pcr
ca]ncla. ‘1’hc  \vidc-angle canlc  I:i h:is 18 filtcls,  over the ~an:,c from 380 to 1100 nm; the nanow-angle cfinlcrd
24 fll!cls, flom 200 to 1 10[) 11111. ‘1’lvo-bla(ic  focal ])lallc S}lutkl  s cmlt Iol  CX}lOSIIIC, ‘1’hc ShOItCSt  ldZlllIICCi

cx}msuIc  time is 5 ms slid the lol]pjcst 20 min

‘J’l)c  scllsing clcn~cnt of each camcrti is a 1024-by-  1024 -clcvllcnt CC] ), coakxi \vith phosphor to pro\idc
ultltivio]ct Ic. s} IoIIsc  and cooled to 1 W K by a ]acliato]  to Icducc  ClLIIk  cuIIcIIt. l’ixcl size is 12 pm. ‘1’hc  CCI)S
provide anp,ultir  resolution of 60 prad/pixel fm the wide-a]l[),]c calI]cIa  and 6,0 pr[id/pixel for the Imr;ow-:illglc.

‘1’lw dyllalnic  ]rrn:,c of each camc]a is :ihout 4000:1, equivalent to 12 bits. Autolmitic  cxposu]c  control is
avail al)]c. ‘1’hc  d a t a  can bc Icduccd  10 8 bits/pixel I,y a looku], t[ib]c 01 by leading the 8 lc:is! significant bits,
A 10 SS1CSS data mIn]McssoI  p]ovidcs al) avc]agc col~l}ucssiol]  raiio of 2:1 ox g]catcl. ‘1’hc~c is also a lossy
comp]cssor ~)~oviding ;ivcra~c compression ratios as high rrs 8:1. liditing can bc used to sum :i(l,jaccnt pixels o]
to ll?ilisl)iit pallial  fralllcs, Rcfs, 8 and 9 give sicldiliol~a]  illfolinritioll about 1SS.

5.1.1.2 \~isil,le ar]d infrared Ma]jping  Spcclr-otnclcr  (VIN!S)

‘]’]ic Visil)]c  and lnflalcd  Mapping Spcchomctc] fulllishcs spcct)a]  dat:i OVC1 the a]cas viewed, or, cquiva]cnt]y,
n)a]m tbosc :ilc:is \vith 10WCI spatial resolution than 1SS but at a m:i]ly wavclcllgths hctwcrm 0.35 tind 5.1 jlm,
VIMS will ploducc info] rnation about the surface and :itmosphc]ic  composition of Saturn and its satc]litcs,

VIMS has scpi]atc  infr{i~c d and visib]c sensor channc]s.  ‘1’hc 11/ and visib]c sensors arc mounted on a VIh4S
optical pallet (I;igurc 15) which in twn mounts to the s]xiccc]aft’s  Remote Scllsing l>a]lct. Majol VIMS
asscli]blic,.s a] c supp]icci by the IJS, It:ily and l~]anw.

‘J’llC 11< Chanllcl co\7c1 s wavelengths ().85 to 5,1 pm. Its ol)tics incluctc an f/3.5 Casscgtainian  tclc.scope with an

a])cltulc of :ibout  230 mln, a collimato~, and a diffriiction  :,latinp,, “1’hc  11{ channel produces ().5x( ).5 ml-ad square
pixels. An intc~na] n~illol provides t\\w-axis scanning over 64x6LI of these pixc]s, a field 1,9x 1,9 dcg, but other
scan pattcms  can bc commanded. Radi:itioll is spcad in \vavclcIIp,t}I  by the grating and imaged by
Casscgr~iinian camclzi optics onto [i linear dctcctol  array of 256 ir~diun~  antimonidc photodiodcs, each rccciving a
scpalatc w:ivcba]ld 16.6 nm wide, ‘1’hc  detector is cooled I,y :i ~tiditito~ to 70 K, ‘1’hc spcctromctc]-  opcratinp,
tcm]matulc  is 140 K.

‘1’l]c  Visil)lc channc]  ]JI-O(iUC,CS  mu]tispcctlal  images  s]ml~nir)g  tl~c s~)cctlal ~:illgc floln ().35 to 1.05 ~1111.  1( utiliz,cs
a Shafer tclcscopc,  a holop,rapbic grating spcctromctcr, and a silicon CC]) allay detector cooled to -30 C by a
ladiato~. (hlc (iimcnsion o f  t}lc [i]l:iy ]xoviclcs  spcct~al scpalf]tion into 96 wivcbawls. ‘1’hc  otllcl pIovidcs  lim>a]-



spt i a] SC]MII at ion. A slnp,lc-axis scan miller  scatls tllc allay over the sccnc,  pcrl)cndicular to the allay spatial
dilncllsion.  ‘1’hc lcsoltin:,  data aJc 96 2-ctimcnslm  Hll lmfip,cs of the same region, each in a scpamtc spcctIal  lxild
7.3 ]lnl \vidc. ‘1’hc  channel p,cnclalcs square 0.5 X(),5 lnttid pixels to IIl:itch those of the 11? channel

VIMS can rccod spcctla of a sillglc pixel, a lil~c of pixels. or s 2.-ciilncnsio~~al  rirl:iy of pixels (rill imgc) with
citllcl 0] botl] chzinncls~0”12

S.1.1,3 [:omposilc  lnfratd S])rctromctcr (C~ll/S)

CIRS mcasolcs  planetary ra(ii:ition from 10 to 1400 cm’1 (1OOO to 7 pm)in thlcc spcctlal bzincts ‘1’hc  CII<S
o])tics  asscmh]y inclwlcs a tclcscopc,  three intcrfc]omclms,  a spectral scan mechanism, rinci an 80 K cmlcr.  ‘l’he
tclcsco})c is a 50. t+-Gm Casscgrainitim

‘1’hc fiil infl:ilcd intcrfcromctcr (1 0-600 cm”l, 100010 17 pm) is lcs}wnsivc to both wavelength ami pol[i~intion
It has al) input }mlaliycr, a polari~ing,  i>calllsplittc], and an out])ut allaly~c~. l’olali~cl and analy~c] alc
slll)stl:ltc-ltlc)~llltc(l  \vilc g,t icis. ‘1’his il]tcrfclmnctcl IIas t \vo thcrmopi]c  dctcctols,  czich Ivith a conccntlator.  Its
I:(JV is 4.3 InTa(i  in ciianlctc].  S]>cctTLil  lcsolotion is 0,5 to 20 cnl-].

‘1’hc  lnici-inf~arcd  intcrfc~omctc]  is a convcntioml  Michelson covclillg the TIinp,c  600-14(KI  cm”l (17 to 7 pTn). It
cmp]oys  a (;c lens to focus  ihc intcrfcromctcl out]wt 011 t\vo focal ]Jlancs. (h)c has a lx 10 linciir allay of
~>llotocollcillcli\~c 1 lp,(lirl’c dctcctols  cove] illp, the lallpc 600-1100 Cnl”’. ‘J’hc othc~ uscs a 1x10 lillcar anay  o f
photovollaic  1 lg(ki’1’c  dcicctors covcrinp,  1100-1 4(K) ClII”) ‘J’hc l~OV of each clctcctol is about 0.2.7x0.27 nlral~.
Spectral lcsolution is 0.5 to 20 cnl-’,

‘1’hc IIiotol -dl ivcn scan mechanism moves rc fleeting clclncnts ill onc ciimcllsion  to chanpjc the path lcng~,ths of the
tillcc intcrfc~omctcrs  and hc~lcc thclr pass bands. ‘J’hc thlld o~ I-cfcrcnce  intcrfmomctcr  shaTcs the mid-infl-arcd
optical ~mti] an(i }novidcs a servo signal to illsorc tilat tile ]Iloto] scfins at unifo~lll velocity.

‘1’hc mid-inf]:ilccl ctctcctm awiys  :irc mountcci  011  an 80 K  COOIC]. ()(hcr  portions of lhc optics asscmb]y,
illclu[iing tllc fa~ i]lfraIcd  dctccto~s,  at c cooled to 170 K by :i sc]m]atc  ladiato]. “1’0 Icducc heat leakage il]to tile
cold optics assembly , special wiles with low thclln:i] conductance alc usccl fo~ its clcctl ica] ICacis’1.

5.1.1.4 llllraviolct imaging Spectrograph (LJVIS)

‘1’hc llVIS  ills(rutncnt mcasorcsj s])ccllosco])iczllly  amilyzcs,  and ilnap,cs ultlaviolcl  emissions at in ightncss of
0,001  Raylcigh to several tllousanci Raylcighs  lJVIS is :i t\vo chanTIcl s})cctloglaph (ftil rind cxhcmc
ult]tiviolcl), :imi includes a }Iyclrogcll-(iclltclilltll  almlption cell find a high-spcc(i  photomctc~.

l;ac]l of tile two spcctroglap}lic  ch:innc]s utilizes :i lcftccting  tclcscoj)c , a concave glating si>cctlonlctcl,  :ind all
ilnaging, pulse-counting dctccto~. l’hc tclcscopc ])rilna~ys  arc off-axis palabo]ic sections with a focal lcng,th of
100 mm, ii 2.2x30 mm apcrtu]c,  anti a I:OV of 3,67x().34 dc~,. ‘1’hc spcctlomctcls  usc al>cllatic>ll-coI1cctccl
toloicia]  gratings to focus the spcct]  m o]lto rili ilmg,inp, micloci}annc] plait cictcctol (MCI’). ‘1’hc  far u]traviolct
ch:int)c] has ii wavelength langc is 115 to 190 nm ‘1’hc  IaIIp,c  of lhc cxtlcmc ulhaviolct  channc]  is 55 to
115 IIm liach channel has three sclcctah]c cntrancc slits plovi(iing  spectral resolution down to 0.21-0.24 mu.
1:01 solar occultation observations, the cxtlcmc ultlaviolct  cllanncl  il)cludcs a mcchanisnl (hat allows sunlip~lt to
enter when the sun is 20 cicg off the tclcscopc axis.

‘1’IIc  iligil-spcc(i photometer mcasulcs  undispc] scci (Zc]o-ol(ic])  light flom its o\vII parabolic mit lo] with a
]>ll(~t(~ll~llltl]>licr tobc detector, ‘1’hc \vavclcngth  range fol this photomctc~  chanllc] is 115 to 185 m);  t}lc I;OV is
().34X().34  deg. ‘1’imc resolution is 2 ins.

‘1’hc  lly(irop,cll-dctltcritllll tihsorption CCII channc] is a photolilctcl \vllich mcawcs hydrogen and dcutcrium
col]cclltl:lli(>l]s, incoming light ]xisscs  thlough an ot~cctivc lens and then through t\vo rcsonancc absorption
cells, onc flllcd with hycilogcn and t}lc other with dcutclium. A tmlp,stcn filament in each CC1l ciissociatcs  a



ftaction of tbc nlolccul[ir  jyis, allowing lhc l~yclr(Jgcll/dclltcliLlll] s]xctrum nca] the rcsonancc lines to bc
]ncasulcd  to high lcsolLltIon  by va]ying  the filament tcmpclatutc. A third ccl], flllcd with oxygen, sclcctivcly
tr:ilislnits I .ynlan-alph:i lines while at(cnuating ncarl)y  \\J8vcl LvIp,t}]s l’hotons  that  have passed lhlough [ill I1llCC
CCIIS aTc dctcctcd by a cha IIIwl clcctIol I ]nultil)lic~ 14

s.1.1.S Ciissini Radar (I< AIIAR)

‘1’hc (Jassini Tadar 1s dcsifglcd f’oI obsc~vtilion  of the sul face of “J’itatl during close flybys of that satellite. It
()})c]atcs at Ku-han& ‘J’hc ltidat illcludcs an l<l; sllbsystcnl,  digital sLlhsystclli, and po\vm conditlo]lcw. ‘1’hc ladaI
utili?cs the (hhitc.r’s high fyiin alitcnlui It call bc s\vitcllcd flonl onc to anothc~ of five Ku-band feeds
(nliclostlip  a]tays), offset flom the focal ]mint  of the l,lgh g,ain antcl)na,  \\hich  gcnc~a(c flvc side-lookil)g hcalns.
A flc(]llcl~cy-sclcctl\c  subrcficctor tlansn~its the Iadar Ku f]cquc]icy but reflects the X-hind coI]lt])~lt)icatio])s
flcqucilcy.

‘1’hc illstl unlc])t has lhrcc opcr:itlnp,  modes: synthct)c  :i})cl tulc lmagillg,  altimetry, and ~adiomctly.  11s peak 1<1~
ou(~mt is 63 W. l’u]sc  ~atc for inlap,ing is 2-4 kll~ and ]JUISC  lcn.gtli 1OO-5OO }1s,  l~or low xcsikution altlnlctly,
tllc pu]sc Iatc is 1-3 kllf and the ]mlsc  lcngtli SO(I ps, fo] lli~~~i ~csolution :il(imctly 4 ,7-5 .6  kllz alict 150 }1s. l;O1
l-:idiomctry  mcasurcmcnts,  the ra(iar dots not ttansnlit  but it Icccivcs blackbocly  )adiation from the sulfacc of
‘1’ilan,  usinp illlcp,~ation tilncs of O.01 to 5 s

Rad:iI data alc not proccsscd aboard the spacccl-aft  ‘1’hcy  }IIC buffclcd in the Iadtir clcctlonics  and for\vardcd  to
the (hhitcv conlmind  and data hardlillp, subsystcm  as the bus data late pmmits.

‘1’hc Iadal will opmatc at :iltituclcs  hclow 22,500 k]n At altitudes bctwccn 22500 and 9,000 km, it will
multi])lcx I)ctwccn altimchy  :ind radimnctl.v to obtain lo\~-rcsolutioll  glotxil maps of ‘1’itan’s  sulfacc blighhlcss
tcm]~c]atulc and sLIIfiicc lxickscatlm  chalactcristics. 1 h illpj llICSC pcliods the (hhitcr  will scan the SUI race wlli

its hip,h-gain  alitcnna.  At a]titudcs bctwccn ~,()()()  and 4,()~(1 klli, tlic ins(l umcllt wi]] mu]tip]cx bclwccn a]timctly
and l/idiomctly,  collecting high-l csolut ion altimctric slid sill facc cmissivity mc:isulcmcnts along the suh-mbitti]
tlack, \vhilc the spzicccrati points the antenna bcanis to\vald the naclil. llclo\v 4(KN  knl, RA1 )Al{ will multiplex
illmg,il]g :ind radiomclly. lJLiling this opcl-ation  the spaccclaft  \\’ill ~mint tl]c radal antenna hcams at a Ianp,c of
atiglcs a\wIy  from  nadir on either the left or the Iip,ht side of the sul]-olt)ita]  tlack,  and su~facc imap,cs and
cmissivity mcasulcmcnts  will bc collcctcd in altmnatioll. ‘J’hc radar cal) acquilc  high- m low-resolution images
t)y using difrcrcllt balid\vidths  and cohc~cnt data \wndo\v sizes. 1 m\v-lcsolutioli  irnagc]y will bc obttiillcd fit
altitudes bctwccn 4 ,O(KJ and 1,600 km and high -)csolut]on  imag,c~y 1> C1OW  1,600 km. imaging resolution of the
haldwalc  is do\vli to 5fi Ox35(J m. l<adiomct~y  tct~]})criit(i]~  ~so]utioll i s  <(),35 K, (Rcfs, 15-16)

S,1.1.6  Radio Scicnrc Subsystcm  (1<SS)

(h bite] Ra(jio Scicncc mcasulcmcnts  will povidc data on tlic atlnosphclcs  and iomrsphcrcs  of Saturil and ‘J’ittin,
0]] tl]c lin:,s, and on the g~avity flclds :ind cphcmcridcs of %tulll  and its satc]litcs. lhilinp, c1 uisc t}]c
itlstl ulncntation \vill bc used to scalc}i fol p,~avilaliona] wwvcs,  ili a p,cncrti] Iclativity nicasLIIcnIcnt,  and 10 obtain
clcctIo]l dc]]sitics of the solaI cmona.

“J’hc  cxpc] in)cnt employs both the X-band col]llll~lllic[tl]olls” lilik of the spcccrtift Radio l;rcc]ucncy  Subsystcm
(1{1’S)and  the Ka - and S-hand capabilities of the Rtldio l~rcqucncy  IIlstl umcnt Suhsystcm  (l{ P’JS).  ‘1’hc  1{1’S
includca  an X-band transpcmdcr,  which contains a lcccivcl  and an cxcitc~, and an X-bancl tlzi\’cllir~g,-\\’:i\’c  tube
potvcl  :iln])liflcr, provi(iillg 1 ().6 W ra(iio flcqucncy output, ‘1’hc  l-tl~S also inc]u(ics  an ultra -stab]c osci]]ator  fol
tlm Raciio Scicncc cxpclimcnt.

‘J’lic 1<1~1 S cm]taills an S-ban(i  tlansn~ittcl an(i a suite of Ka-ballci cquipnmlt:  a txal~slatol, an cxcitcl wliich
gcncIatcs a clow])link  signal, iinct :i ‘l’W’l’ an]i)lif]m. “1’t,c S-13and tlansmitk~ rcccivcs a sign[il frcm the lJSO,
]]]ultipiics its flcqucncy,  ampiifics it to 10 W, and supp]ics  tl)c. rcsu]tant  sip,riai  at 2298 Ml ]Y to the high gain
[illtcnna ‘1’hc  Ka-cxcitcr  gcnc~atcs a 32 (;1 Iz. signal flo]ll the US() outlmt, ‘1’hC Ka-band ]l}i:(SC-]OCk  ]00]>
tta]~slatu] lcccivcs  the 34 Gllz  uplink callicl  flom tile IIigll gain arltcnna and t]ans]a(cs  the ca{licr by a fLLc.to]  of



14/1 5 fol lctiallsmissioll  to lki~(h. Ka-baml  rimpliflcu  outpul ]s 10 W, l~igurc 20 is a block diagram of t}]c
Radio Scicmcc cquipmcnl.

‘1’IIc  hip}] gaiu antenna has fcccis for X, S, and Ka-bands.  1,inks aTc \vith 34- and 70-m antenna lkirth  stations of

Ihc I kcp S]MICC  Net.

‘1’hc equipment mentioned plovidcs two-\vay links at X a~)ci Ka-ba I)d plus clowmlil]k at S-band. 1 )o\vnlinks  \\lth
accu]iitc]y  known flcqucncy, originating from the ulhastablc  oscillator, can bc hansmit(cci  by the X-band ‘1’ W’J’
anlplifl c], the Ka-ba]Ici  c~citcn and simplifict, :i]}d the S-ba]id  t]anslnittc~, ‘1’\vo-\vay  cohcrcnt signals arc lmv]dcci
l)y X-lNtmi  uplink to the hanspondcr  and by Ka-baIId  u])link to the t]iinslatoI, i~l co]ljul]ction with the X and Kri
do~k’l]links  n]cnlioncd.  C a p a b i l i t i e s  incl Lldc OIIC.  and  t\i’()-\\,il~ Cioj)])lcl-, ciiffclcntia] onc-\vay langillp,,  a n d
t\lIo-\vay  )atlp,illg

1:[ cqoc])cy stal~ility of tlanslnissions  (Af/f),  set I)y tllc ult]aslal)]c  oscillator, is hcl(c] than 1 x 10”1~ fol lntcgrtition

times of 10 to 10,()()0  s, AllaI) dcviatio!l of Ka-band  tla])sjnisslons  is <1x 10”’$.  “1’\\Io-way  r[inp,ing provides all
[I CCLII:ICJ’ Of ?() to so 11S  (6 tO 9 ]11),

l;or mc:isLIIcmcnts  of mass and mass distribution, usc will bc made of the spacecraft’s tclcco]lll~lLlt~ic:itio~~s  and
ilnag,ing cquipmcni, par(icolarly the X-baI)ci tlans])ondc  I, IIIC  big,h-gain  antcIIIIa, and t}lc wicic-ang]c camcr[i.  ‘1’hc
phase and p}iasc shift of ?-way  signals arc LISCd  fo~ c]ctcctiol] of gravitational waves with pcriocis  bctwccn 1000
and 1O,OO() Sccoll(ls al][i fol the IIlcasu!clllcnt  of p,lavity fic]ci s]’,

VaI ious co]) ll)inations  of t}~c av:iil:ib]c ca}mbilitics ii~c used fol (iiffclcni  types of nlcasLircn~cnts. ‘1’hcsc  inc.ludc:

(i]avitatio]]a]  wales (])criod  1,000  to 1 ( ) , ( ) ( ) ( )  s) :

2 or 3-way  dopplcl: X up X do\vn, X LIp Ka down, Ka up Ka do\vn
(icl)clal lclativity: 2-way dopplcl : x L]], x (low]), X up Kti down, Ka LIp Ka down,

x up s down
So]al  coIoIla: 2-way ]angc and dop]~]c]  : X up X do\\m> x  LIp Ka dov.rli,  Ka LIp K:i dowri),

x Ll}) S  do\vI)

M:iss al~d p,lavity ficlcis: 2-v.r:iy dop]~]cr  a]d ~anp,c: X Llp X down, X up Ka down, Ka L]p Ka down,
x up s down

liphcmc~idcs: 2-w:iy ciopplc]  aild range: X up X ciown, X LIp Kfi down, Ka LIp Ka down;
Wide Angle (kmcIa

l{itlf~s, atmosplicIcs  and ionosphc]cs: 1 -\vay  dop}>lcI  : X, Ka> S

S.1.2 lnstrumcnls - l’iclds, Particles, nnd WHVCS

Six instr LImcnls  t}lat observe fic]ds, par(ic]cs,  and p]asnM WIVCS a;c tbc ]hia] l’cchniquc Mag,ilctomctcr  (MA(i),
Raciio ami l)iasma W[ivc Scicncc (R1)WS), ~assini  IYasma Si)cctromctcr  (~A}’S),  Mag,llctosp})cric  imaging
]nst] u]ncnt  [M IMi), ~crsmic l)ust Analyzcl (()~l)A), and lon ami Ncuhal  Mass Spcct~omctcr  (l NM S).

S.1.2.1 I)uHI ‘J”twhniquc  Magnclon~cler (MAC;)

‘J’])c  I)LIal  ‘1’ccllniqLlc Mag,nctomctc] n)casLIIcs the map,nctic  flc](i VCC(O1. It consists of [i 3-aXis l;lu~ (iiitc

Magnctomctm an(i a 1 lclium Magnctomctc] ‘1’i)c Vector/Sca]ar } ]c]i Llm Magtlctomctc] mc:isLIIcs  the mag,oit~i(ic

of the ]nagllctic  flclci o], altclnativcly,  its tllrcc 01 lhogona] coni]mlcllts. ‘1’llc magnctolllctm  1>0011)  Su}qmk t h e
IIc]iu]n  magl)ctomckr  al i t s  oLltboarci  cnd al](i the flli~-p,atc licar its lnid]mint (l~igu[c 8b). Magnctomctcr
cicctrol]ics ale in [i spaccclaft  hay.

opcratim  of the helium magnctomctcr  is i>ascci on field-cicimndcnt light absorption (the 7,ccman effect) and
optical pumi>ing. Rl; c~citation of a lamp flllcci with hcliunl, :it lo\v iMcssuIc, gcnc{[itcs  in fralcci light, which
]Msscs thloLl@ a po]ari?cl  and a absorption CCI1 to a silicon cictcctor (b’igurc 24 b), Ilclium in the absorption
cell is c~citcci by R]; ciisch:ilg,c to pI-O(iLICC  mctastab]c  a toms . Net oi)tic:ii  pumi>ing in the ccli  is maximum when



no n]ap,nctic flcld is ]mscnt;  the pcscncc of a field lc(iuccs o]~tlc:il  ]Julnping  and result in incrcascci .ahsolption
]“01 \’CCtOI flC](i  IllCZISOI  ClllCl)t  S, thC [i bSOl])(lOll  iS l)lOdU]:ltC[]  b y  ti 10t:itilI~ S\VCC]>  flCld &, CllCIatCCi  t>~ tlia~ia]
1 lcl~nholty coils. 1 ktccto]  output  coIIIponcnts  at the s\\Lx]) fIcqocnc-y  tiIc nLIllcd  by fccdhack  through the
I lclllll]oll~ coils, p~ov]dlllg  a nmasLlrclncllt  of all tlllw com]wnonls  of tlic alnhicl]t ficlci vccto~, ScalaI flcld
n)caslIIcIIIcIIts  uti]i~c a scpa~atc  coi] W]1OSC output is flcqucl]cy  modo]atcd,  A component of the dctccior out]JLIt
sipylal is lclatcci to the 1 ,aTJImI  flcqucncy, w}~ich is dilcctly ]nopol lions] to the magllctic field

‘1’llc flux p,atc lnagnctomctcl has thTcc identical scnso]s  (b’igu]c  24a), olicntcd o~thogonal]y  to each othc], in
each, a pcIIIIcablc ring COIC is wouIId  with a coil, o~)cratiIIg at 18 k] IY,, which drives the core to salutation. A
]>icko]) coil sL]IIounds  the core. ‘1’hc  pcscnm of all a]l)bicl,i  flcld component pamllc]  to the coil axis caLlscs  Ihc

c(uo s:ttllra[ion to hccomc L]nsymmctrical  and indl]ccs :: sccon[i  IIa]monic itl the pickup coil that is proportional
to tl]c alnl~icl)l f]cld cmnponcnt.

‘1’]Ic  usc of lwo sc])a]atc magnctomctcn  at diffclc~lt  locations aids ill distingLlishing  the alnbicllt lnagnctic flc]d
flolll that ]Moduccd hy the spaccclaft.  “Mc hcliulll map,llckmictc]  has full SCZLIC  fiux langcs of 32 :ind 256  nl’ ill
vcctol ]I]odc,  256 to 16,000 n’]’ ill scalar mode. It ]~]ovi(ics hip~~cst sensitivity at frcqucncics LIp to 1 or 2 1 Iz,:,  its
flcqucllcy  ~anj~jc is LI]~ to ] O ] ]Y.. ‘J’hc fJux gtitc ~mgncton)ctcl  has flLl~ ]anp,cs of 40 to 44,000 n’1’.  It is most
scnsitlvc at 1 to 20 ]Iy. a]lci responds to flcqLlcllcics  Lip 10 100 llY,. (l<cf. 18)

S.1 .2.2 ll~dio find Plasma  Wave Scicncc (RPWS)

‘1’]Ic ]{adio and ]’]LISIM  W a v e  Scicncc  instl umcnt will IIICa SLIIC AC c]cctric and magnclic flc]ds in the plaslna  of
tllc illtc:~})l:illct:lly mcdiutn and Satoln’s lIl[i~lIctosIIllclc,  al]d also electron cicnsity and tcmpcraturc, Sensors
inclodc three electric antcnnti clclncnts, :i 3-a Xis nla[~llctic scalch coil assembly, and a 1 .angn]Llil probe,

‘1’\\o of tllc alltclnla clclncnts alc collfigLllcd as a dipole, t}lc othcl is a mono]mlc, ‘fhC~ LIIC  ll)OLllltCd  on thC

u]ycI cqL]lp]llc]lt  ]nodulc of t}Ic (hhitc]  (] Jig,. ??~~). ]kc]I  aIItCIIr  IH is a co]]apsih]c  tohc urhich  is ro]]cd  LI]) for
lallnc]l and SllhC(]LICl)t]~  Iclcascd to Sc]f-extend to its 1 ()-m ICngth

‘1’hc  n~agnctic  sca Ich coil assembly incluclcs  three o] t}]ogonal  coils about 25 cm in ciitimctc]- and 260 cm long,
each \vith a l~ig.1]-}~clll]cal)ility  core, a main windinp,, :il)d a fccclback willciing. ‘1’hc 1 ,angnlLlir  probe, which
]ncasulcs c]cctlon density and tcnl])clatLllc,  is a metallic  sphere 5 cm in diamctcl, ‘J’hc magllctic sca~ch coils alc
nlo~lntcd on a slnal] platfo~m  attached to a sopport fol the 1 lip,}]  (ialn Antenna; the 1,angmLlil p~ohc  is attac}lcd
to t]lat ])latfo~nl hy a 1 -nlctcr cicployaldc lmom.

Signals fronl  the sensors go to high- anti l]]cciiLltl)-fIcc]llc])cy rcccivcrs, a wi(ic-banci  ]cccivcr,  an(i a 5-chtillllcl
\vavcfolm  IcccivcI. “J’hcsc  Icccivcls  p]ovidc  ]o\v and high time :inci f~cqLlcncy ~cso]ution  mcasorcmcnts.
l~l(it J1/lt4-2073:-ol”  isa fLltlctiollai l]lockcli:]glzil~l of Rl)WS.

l<zlt)gcsa]co.1 }l~to 16 Mllz, forclcctI  icflclcis,0.1  }l~to  12.6 klIY, formagnctic  flclds, clcctlol lcicnsiticsof
5 to 10,000” c/cm~, allci clcctlon  tcmpmatolcs  cqui\alcnt  to O.i to 4 cV, Scnsiti\’ily to clcctlic  ficlcis at 1 kll~ is
0.4 I(V na]lowlmnd>  100nV/llY,-]’2 wicicband; at 20 kllz, 0.1 pV narlowbanci,  5 nV/llY,”l’2  widchanci, Sensitivity
to map)nclic fields at 1 k]ly is 0.03 p’1’  nallowhanci,  0,007 p’1’/117,”]’2 lvidcl>and. l)ynamic  mngc is >90 d}],

]{i’ws  alSO hiIS a SOUl)dC~  1110(IC.  S(]LI:IIC \vavc  ]) LIISCS  1 to 3?() ps Iollg :IIC gCllCIZttC(i a n d  kIllSlllittCd b y  thC

ante I)IIa to stilnulatc plasma Icso IIa IIccs. ‘1’hc ~cccivcci sip,nals alc analyz,c{i to give clcctlon  cicnsitics]9

5.1.2.3 {~;lssinil’lasma S[tcctr{}r~j(,t(r(C;Al>S)

‘1’hL’  (~assil}i ]’]:istlla SpccIIomctcI  mc:is LIrcs  colll]msition,  [icl, sity, flow’ vc]ocity, an~i tclnpclatLlrc of ions and
clcctlons  iu Satoln’s ~l]:igllctc)sj>llcrc, Llsing tillcc SCI)SOIS: an lon Mass S]>cctlomctcr, an lon l]can] Spcctlmnctcl,
and an l;lcctlon  Spcctromct  cr. A motor-drivel) [ictoaior lotatcs  t}lc sensor pac!iagc to provide 2(M3 cicg scanning
ill :l~ilnuth  aboLlt  the Z.-axis of the (h bile].
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‘J’hc ltlcctton  spcctIomctcI  (1;1 .S) uscs a COI vcd-plate c.]cctlostatic  a]]aly~.c]  and M(l}> detectors fo] CICCIIO]I
Cllcrg}’ IIlcaslllcmcnts. l;] ,S energy ~:ingc is ().7 to 30,000 cv with a resolution (AIVlt)  of 0.17. ‘1’hc  sensor’s
l~OV~s  5x1(>O dcg and allg~llztrlcsc~lLltic)ll 5x20 deg.

‘1’lIc  lon IIcatn Spcct]onlctc]  (111S} uses a cu]vcd-p]atc clcclTostatic analy~cra~ld chfinncl  clcct[on nlullip]icl
dc(ccto]s to dctcllninc  cnclgy/charge latios. ‘Jlic cnc]p,y xLIngc  of’the 111S  is 1 CV to 50 licV and enc]gy
lcsolulion 0.0125. l:iclci ofvicw is 1.5x180  cicg allci zill~,olal lcsol Lltion 1 .5x1.5 cicg.

‘1’hc  io]l Mass SiEctIon]ctc~ (l MS) p]ovicics  ci:ita on imtl) cIIcrgs/charge alici nuIss/chaTp,c  ~aticrs, A cLIIvcci-plaIc

clcctlostatic  aIIalyYcJ povidcs energy/chaTgc sci)alation  (l(ip,Lllc ?3a). ‘1’hc  ions [ITC then accclclatcci
clcctlostatically  an(i strike a set of thin ca]bon foils. ‘1’his i)]oduccs scconcia]y  electrons and hrcfiksuij  sonic of
lIIC mo]ccLIl:iI ions.  Sccon&rIy  c]cctrons shlkc a M(;l) c]cctlostatic  ana]yx.c] i n  ]vhich  ti]c clcctlic  flc]ci itLclc:iscs
li]lc[i~ly [ilonp,  the aILalyzcr icllglh  l’ositivc  ions \\ith  icsstliali  1 5  kcvkinclic c]lc~gy ;IIC cicficctcci back tothc
Cl)tl[ll)CC  Clld Of t}LC til):llyZCl  \Vh CrC thC~ Stlik C th~ M~l) (i CtCCtOI. ‘1’hcirtimc  of flight indicatcsthcir
nuIss/chaIgc  l-atio. l’osi~ive i(>lls\\itl]l~ig}lcl cllclgj,at ]ci~IcLltltils, stlikc anotllcl M(;l’:ittllcoi~})(Jsitc  CIICI.
l: I~ip,nlmItS  ]csulting  fron] hlcakLlp oflllolccLli:iriolls  sLlpply infoll)lation o]] tlicil con~positioll.

‘1’hc Inass IaIIgC of ti]c IMS is 1 to 60 ~imLI;  its mass Icsolutio]i  (Alnho)  is (), ]2 to ().()3. l’hc cnclgy range is
1 CV to 50 kcv, witila lcsolLltion  of O.17. l:icld ofvicwis 12A160 cicg, aILgLllaI lcsolLltion  12 X20cicg.

Rcf 20 gives fu~thc] info~niation about [~A1’S.

S,1.2.4 hlagrlt’t(]sl,llcric  ll~~agirlg lnstrulllc~~l  (M INII)

‘]’]Ic Magtlctosihc]ic  ]nlaging  Irish Lmlcnt  wi]l plovi(ic ilnagcs Oftllc ])]aslna Sullounciin.g SatLIIn  a n t i  Cictc  IIllillc
ion cha  Igc aILCi  composition. l,ikc  ~A1’S,  it }Ets t}ilcc scnso  Is. (h)c of these, the l,o\v ltnc~-gy  Maglictosp}lclic
McasLllcnlcnts S~StCILl  (l,l~MMS), has ciglLt cictccto)s to plovidc ciircctional and cIlcIp,y i~lforn~alion  on  c]cctlons
at 15 kcv 10 10.5 Mcv, protons at 15 to 130 Mcv, and otllcr ions at ?() kcV to 10.5 MC V/~l LICICO II. “J’hc  l,liMMS
]Ica(i is cioLIl)lc-cII(icci, with oiqmsitcly (iitcctc(l  15 (icp, an(i 45 (icg conical  l:OV. I.}iMMS is n~oLn~tcci  on a
]~iatfo]lil  Ivllich ]Jcrlnits  c.oj)tiliL]ous  lotatio]l of the hcaci tllloup~l 360 cicg 011 an axis pclpcnciicLll:ir 10 the oll)itcl
liigh  (iain Alltclmti  axis an(i tothc l.l;MMStclcsco]w  a~is.

Allotllc~  sc]]so],  the (lll:irg(:-ltI]  cIgy-M[iss Spcctlonlctcl  ((~llliMS)  n)casulcs chaIgc anti con~i)osition  of ions tit
IO to 265 iicV/c with an clcctloslatic  :inalyyc]  anci a tin]c-of-fright lnass s~)cctlolnctcl. Its mass/cha  Igc IaIIp,c  is
1 t()60a1~~Ll/c (clcl~]cllts ll-lc)a l]dl~~olccLllari  o]~sll~:issr:ll~p,c2to  120an]L1. ltl~cl-gy ]csolutioll (A(l;/Q)/(lJ/Q))
i s  ().05 zin(i mass lcsolLltion  (An]hn)  is ().11. “1’hc (~IltiMS hc:i(i has a +80 dcg by 6 cicg l~OV. ‘1’hc  minin~Lln~
lILcaso]cal~lc fiLIX is 1 io1d(cnlA2  s~ kcV/c) and the ciyll:ilnic langc is 108,

‘1’ilc thilci MIMI scnsol, the lon anclNcutlal  Gn~cIa  (I N~A), loakcs two cliffclclit ty]>csofrllcastl~cn~c~Lts,  It
Cictcllnil)cs the 31) ciistril)Lltion fLlnction, vc]ocity  spcctla,  allci roLlp,il colilposition of ions and ncutlti]s \vith
cncigies  flol~l  10 kcV to ai)out  8 MC V/IILICICOII,  aII(l  it p]-ovi(ics  ~cn]ote  images of the cnc~gctic  ncutra]  e m i s s i o n
flomthc  hot  i)lasmasof  StitLIIl]'s]  ll:igllct()sI)l]crc,  ]l]czls  LlIil]p,tl)c  composition and velocity si)cctra  ofthosc
cnc]gctlc  ncLlt]a]s  for each image pixel. lN~.A  is a tilnc-of-fright calnc]a  with Co]]imatol  s]its, an cntrancc foil,
an[i nliclocl Lanncl i>iatc (ictcctors. ‘1’hoL]g}l  MIMI is ]istcci :is zi l;iclcis tinci l’:il(iclcs inst~Lln~cnt,  lN~A nlight also
l)cclassificci  asa rcnlotc sensor, andit isl~orc-sightcd~  viththc s]>acccraft rcll~otc scl]sillg illstl-ull~cl~ts,  INCA
hasa ~60 cicg hy +45 dcg I;OV an(i an angu]al lcsolution of ai)oLlt 2x2 cicg. Its velocity lcsolution  is 5(I knLls
aTId its dynanlic  ranp,c IOT.

‘1’hc ciiffcrcnt MIMI sensors share con]nlon c]cctronics, anci ])ro\idc con]i>icn~cnt[iry  n~casLlrcnlcn  tsofcncrp,ctic
plasma  distlii)Lltioll,  conl])osition, and cnclgy s])cctlun],an(i the intcl:ictiolL oflhat plasnla  with thcc~(cncicci
at]nosphcrc  anti satc]litcs of SatLun



5.1.2.S Cosmic l)ust Analyzer (C1)A)

‘1’hc (Iostnic  1 lust Analyzcl nlcasLHcs  flux, velocity, chzilgc, I) Iass, alId conlposition of dust find icc pal (iclcs in
the nlass ranp,c 1 O“]c to ] 0“6 ~. ]t h[i S t\VO typCS  Of SCIISOJS>  1 ll@ l{:I{c ]) CtCCtOIS and  a l)LISt AIIaly  YcI. ‘1’hC t\VO

1 ligh Rate lktccto~s  usc (lc})ol:iri~:itiojl of I]olyvirlylidcnc  fluoride fllln (l’VI)I;) I)y impticting  palticlcs  to count
ilnpacts up to 10,000/s. ‘1’hcsc  arc intended prilna]ily fo~ nlcasulcltlcnts  in Satuln’s lings. (hlc of the Iligll Rate
l)ctcctols  1):!s  a film 28 phi thick wi(}l at) alca of 50 cln2. ‘1’hc  csthc]  has film 6 pn~ thick and an area of 10 cn]2.

‘1’hc ] lust  An:ilyY.ct  uscs ]nlpact ionization), tinw-of-flight nlcfIsLIlcIIIcJIts, ion co]]ccto]s,  atld chalgc-scnsltivc
an~])lif’lcls to obtai]] ckstti  tit rates up to 1 p:ilticlc/s. It nlcasurcs the clcctlic  charge car[icd hy dust pzit ticlcs, ~hc
ftipllt dilcction  find inq>act speed, nuiss, and chclnical colll]msltio~,. “J’hc  1 )ust AIIaly~cr  has two pick up gl ids at
its cntlat~cc to n)casurc  part}c]c charge. An inlpact ioni~atioll tal-~),ct,  at O V potcntia], collects clcctlons  of the
iln])ac( ])las]na  A c}lclnical  analy~cl  talgct,  at + 1000 V, with a g,toundcd  gtid  ill  floni of it, accclcxatcs the
positive ions. 10IIS  Icxiching  this grid signal  the staIt  time fo] the tilllc-of-flight mass spcchomctco.  A negatively
l,iasc(i  p,Iid  collects the ions. An clcctlon n]ultiplic] :ilnplif’lcs the sip,na]  caused hy iol]s that pcncttatc  the io]l

co]lccto] glici. ~ha~gc-sensitive amp]ificrs  a]]ci  a lop,alithlnic anq)liflc~ mcasu~c  t}lc cha]gc  signals over a ra]lgc
of 10”’6  to 10”1? Coulo]llh ‘1’hc  mass Tcsoluticm of the iol~ sl)cctrLIIl~  (m/An]) is a}po~imatcly  50. ‘1’hc  I)ust
An:ilyi.cI  detects particles inq)acting  at 1 to 100 kIII/s.

Al] al [Iculation n~cchanls]o  permits the illstrLu~lcnt to hc ~otatcd to scvc]al  I)ositions, lclativc  to l}IC (hhitcr  body.

5,1.2.6 lon and NcutrHl  Mnss  Spdromclcr (INMS)

‘1’IIC Ion :ind Ncut]a]  Mass S]lcchon~ctcl  will dctcvminc the chcrnical, clcll~cnttil, and isotopic con)positi(m  of Ihc
gaseous find volati]c components of the ncutltil pal(iclcs  and the low cnc]p,y  ions in ‘1’itan’s  atmospllc~c and
ionospllclc, Saturn’s nlagllclosphcrc, and the li~lg cllvi~ollnlctlt. It will also dctc]minc the gas velocity.

l’lincipal suhsystcnls  of lNMS a]c two ion SOUICCS, an clcctlos(atic  quadrLlpolc clcftcctor, a quadrLlpolc n~ass
a11aly7c  I , al]d  a dctcc  toI

10]1s of the plasma  arc a])aly~ccl as they enter, but IIcutlals  IIlust fll st hc ionixcd \l’ithin  the instl-unlent.  III the
(J]JC]] iol~ soulcc, inco)nil~g ]Icu(ral n]olccu]cs  and atoll)s alc collinlatcd into a hcam, Ihcn iolli~ccl hy ilopact of
clcchons  flonl an c]cctlon gLuI.  ‘J’his SOUICC is used primal  ily for conlponcnts thtit nlight Ic:ict if a]lowcd  to
stlikc instrLllncnt sulfaccs, ‘J’hc closed ion soulcc uses ]an] density cnhanccnlcnt to incleasc sensitivity and
accLIIacy for the IIlolc inert atonlic and nlolcculsir species. Ran) cnllancctncnt is richicvcd by limiting lhc grIs
conduct:incc  f~om an cnc]oscd  antcchan~hc~ while n~aintainirlp, a high flux into the ch[in~bcr, l’hc nut~inlun~
dcllsity cl]hanccnlcnt  will hc X45 at mass 28 an]u fo~ a 5.4 kItl/scc sl]accclaf(  velocity. In both ion SOLHCCS, the
IIcullals  aIc im]i~.cd  hy clcctrm i m p a c t .

‘1’llcllna] find SLl})I:i(hCllll:ll  i o n s  of t]ic ])]asllla  Sll]lolllldil]g  tllc Spcccraft  cntcl INMS t]lloLlgh t h e  co]]imfito]  of
the opcm source. IOIIS emerging fJon~ the ion SOUICCS  atc dircc.tcd irlto the n~ass ana]yycr  hy a 90 dcg
quad] 11])()]C  deflector, ‘1’hc dcftcclor also functions as tin c]cctrostatic energy filter ill the open nlodc o})clation,
})roviding  all indic:ition of the cnc]gy dish il>Ll(ion of ions 01 IIcutra]s  cntcl illg the open sou[cc,

‘]’hc lnass iiria]yzcl is a qLl:idrupolc  n)ass flltcr. As ions cXit the analyycr they go into [in ion detector
(sccondal  y clcctToll nlultiplier),  l\dlich feeds a pulse coulltcv,

‘1’]Ic  fic]d-of-vic\v  of the opct] SOUJCC fo~ ncutla] sl)ccics is a 16 dcg col]ica]  fLl]] angle; the c]oscd SOUICC  has a
Ilcnlisphcl ictil l~OV. ‘1’hc  nlass ran~~,e of lNMS is 1 to 8 and 12 to 99 en~u. ‘J’hc density l-angc for ncuhwl gas 1s
10 to 1017 n]olcculcs/cn)3. Sensitivity for neutrals is 2.5x1 (F3 cou]its pcr ~l~olccLllc/ctt~~-s,  for ions 1X lo-~ coums
])cr ioll/ctn~-s.
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5.2 l’swl)c

‘1’hc  six ins[l uIIIcI)ts  011  the 1 luygcns lhobc alc the 1 lLIygcILs  Atlnos])l]el  ic Stl LIGt  UIC Insl! un]c]~t (1 IASI), Ac]osol
(~()]]ccto] ])yro]yscr  (A SI’), (i:~S ~htOlllatO&:i}il / Mriss Sl>ccho]nctc]  ((i~MS),  ] ]CSCCIlt  ]llla~cr  \ Sljcctral
Radicwnctcl (1 )1 S1<), ])opplc]  Wind lk}wrinlcnt  (I) WJl),  Li])d Su] facfc  Scicllcc ]’ackagc (SS1’). They include a
total of 39 SCIISOIS

S.2.1 lluygms Almosphcric  Strucluw lnslrumcnl (I IASI)

‘1’hc 1 luygcns Atnlosphc~)c StI actu]c ]nslrLuncnt  illc]udcs a variety of sensors. Atn~os}hcr-ic  prcssLi  Ic is n]casutccl
by dcflcct]on of a ciiaphlagnl. ‘1’his SCIISOI  has a Jcsolutlol  I of ~ 0.04”/o 014 (),005 mhar. A l’itot tulx  inlet, 011 a
stub  L!~lClldillg  bcYolld  thc  })IObC dCSCCIlt lllOd  UIC, bIil)~,S  thC }IICSSUIC tO thC SCI)SO1 l:our platinum Icsistance
thcljllonlctcvs,  als~) nlountcd  on the stub, ]ncasu~c atn)os~,lm ic tcnllwatutc, with a ~csolution hcttm thaI~ 0.02 K
bc]o\v  ] ] () K and 0.07 K al hI@I tCllll)C1:ttUICS.

l;O1 dctclnlill:ition of ahnosphcric density, a scr\~o  LICCC]C1OI]1C1C1  lncasLIIcs  accc]clation  along the spin aXis over
S\Vi(Cllal)]C  fLlll-SC:i]C lflllF,CS Of 2 111~ tO ] 8.5 & \Vith a ICSO]Llti Ol)  ().()50/o  Of fU]] SC[i]C. ‘1’hIcc  picz.olcsistiw
accclcIoII~ctLus nlcasurc acceleration along all t}lrcc a~cs of the l)lotw, owl a range of 320 g with :1 ~csolution of
+ S(I IIIg.  A IIliclophonc  SCIISCS  acoustic noise, at ()-6 k} IY,, fIoln  lhLlndcr,  ]uccipitation,  and tu]bulcl)cc.

A  ])clmittivity  and wave an:ilyYcI inc]udcs  an anay  of six clcct]odcs,  n~ountcd on two dcployahlc booms. OIIC
pail of clcctlodcs  lransnlits signals at 43 to 5500117 which a]c lcccivcd  by another p:iil. MC:ISLIICIIICIIIS of tbc
]n:ip,l]itucic  and phase of the rcccivcd signal give (I1c pc~lnittlvity and electronic conductivity of the atmosphere
:i IId surf ace,. Signals  of IIatural  o~i[j,in, at flcqucncics  u]) 10 10 kl 17, a~c also ~cccivcd. ‘1’hc  Voltapjc dciccted
bcttvccul two othcI clcctIodcs (in the abscncc of tl:illslnissiol)) giws the IX: clchic  flcld. When tbcsc clcctlmks
aIc cha Igc(l  to + 5 V and isolakd,  the time co IIstant fo] ~clax ation of tbc voltap, c il~ciicatcs the iotlic conductivity
of lhc titllm])hclc.

1 lASI  also proccsscs the II; signal flon~ the l’lobe’s radal altinlcter to obtain illfo~n]ation  on su]facc  topogtaptly,
S(T uctulc, Ioughncss,  find clcctl ic:il po]wl  lies.

S.2 .2  Aerosol Callcclor  Pyralyscr (A{;]>)

‘J’l)c Acroso] ~ol]cctor l’y~olyscr  will collect san]plcs of the acroso]s  in ‘1’itan’s  atmosphere using a deployable
salnplillg  dcvicc c~tcndcd  beyond the boundary laycl of the l)]obc. Sanlp]cs will bc obtained at two altitude. .
lallp,cs. ‘1’hc fils( san)p]c,  al altit Lldcs d(~\*’li  to 30 kril, wil l  bc oblaincd p] in]arily hy direct inlpact on a cold
fi]tcl  talgct,  lhc second samp]c,  at about 20 km, by pu!l]])inp,  atmosphere thIough the fi]tcr.

Af(cl  cacb co]]cction  the fl]tcr, cxpcxtcd  to contain ahoLlt  30 }Ig of acroso],  will bc t]ansfcrlcd to a]] oven and
heated to lhTcc sLlcccssivc]y highcl tclnpcl”alLlrcs,  up to LIboLlt 650 ~, to Vapolixc  and pyro]yYc the collcctcd
n~atclial, “J’hc  effluent p]oduccd  at each tcmpcratulc  \vill bc swept up by nitrogen earlier gas and transfcr[cd to
the (iCMS for anfilysis.

(h]c AC}) mwlulc contains the sampling dcvicc and oven, zi second the pLIn]p  and cx}uiust tube, a third the
caI~icl g,as reservoir, prcssutc rcgu]:itor, :ind valving, and a fourth the lines and valving for transfcI  to tbc Gas
Clllol~~:itog,r:l]~h  / Mass Spcctromckr  ((i CMS) for iimilysis.  2.1)

5.2.3 [;;Is Chromatography / Mass Spcclramcfcr (GCMS)

‘1’hc (ias ~h~on]atogla}h  / Mass Spcchomctcr  will provide qu:illtit:itivc analysis, inducting isotopic analysis, of
the atmosphclc. Atn~osphcric san]p]cs al-c tl:insfc] tcd into the instl LItt)cnt by ciynanlic  ]JrcssLwc as t})c l’robe
(icsccnds tlIIou@ the attnosphclc.. Samples obt:iinml  al higl] altitu(ics  CaII bc slomi  foI later analysis.



‘1’hc  (i~MS  uses sin inlcl por(  near the stagnation point al the apcx of the l’Iobc, and rm outlet pol( at a low
p]cssurc  point. ‘1’hc insh u]l)cnt contains three cllic)ll]:ttc)~rtt]lllic colulnns ~hlc CO]  OIIIT1 has all ~bSOlbCl  ChOSC1-I  to
scpalatc co, Nl, and othcI pcrn~ancnt  gases, Anot]lc]  has al) abso)l~cr that will scpa]aic nitlilcs  and other hip,hly
polal conlpoLInds.  “1’hc thilcl is to scp{IIatc  hydTocaIbo  IIs u], to ~s

I’hc IIIa SS spcctlolllctcr  SCI vcs as cictccto] fol t}~c p,tis clltc)]l]:itop,r:i]~}]. 1( will .s1s0 al)alyzc Llllscp:ilatcd
atmosphc~ic sanqics  and I11OSC provided by the ACIOSOl (l~llcctol  l)yrolyscl. It has itldividual  inlets for each of
these, atld a scpalatc ion soutcc fo~ each g,:is cl]rclll:atog,l:!~)l)  colu])nl  ancl c:ich othcl inlc( l:or g:is entering
directly fron) the atmosphclc,  t\vo pcssu~c-~cducitlg leaks can bc wlvcd  in to rcclLlcc prcssu]c  to t}lc operating
Iangc of the nlass spcchonlctcr  ion sou~cc. A getter pun]])  UI]CI  a spottc~ ion lNH])l>  maintain this operating
pcssulc range, lo~kiz,ation is by electron in~pact, ion sc]):i~ation  by a quadrupolc  nlass analyy,cr,  ion detection by
ii scco]ldary clcct]on nlultip]icr. ‘J’hc n]+ss r:in.gc is 2 to 14(, amu, dctccto~ thrcsho]d  nli~ing ratio 1X 10”]* (at
S/N= 1), ~ild dynanlic raligc 10s

IJoltiolls of the l’Iobc (i~MS  and the (hbitc]  INMS instl ull~cllts shzirc identical designs

S.2,4 l)csccnf  lnl~gcr \ Spccttxl Radiometer (1)1S1<)

l’hc l)csccnt  ln~:igc~ \ Spectral l<:idion~ctcv will obtaiu data on the thcr)na] balance of the atnlospbcrc and surface
of ‘1’itall, clouds ancl cloud })alticlcs, conccnhatiolls  of algo~l and nlcthallc, whctlic] the local SL]]  face is solid 01
liquid, :iod, if solid, its topogl-aphy l)ISR contains thirtccll scn,so]s, ol)cmting  at \v:ivclcngths  of 350-1700 nln.
‘1’}ICSC  include thlcc flan~ing inlagcls, looking do\vn\\ald  and }Ioliz.o])tally,  a spcctromctcl dispclsing light flonl
two sets of optics looking downwwd and upward, and foor so]a] auIcolc  r:idiolnctcrs. All of these output light
via flbcl optics buncllcs  to different a]cas of a sill@c 256x520 (W] J pi~c] arlay. ‘1’hc spcctlal Iallgc of t h e

imagc]s  is 660 to 1000”  ])n); their pi~c] Xcsolution is 0.06 @ ().20 deg. ‘J’hc spcctromctcls’ r~inpjc is 480 to
960 nlo, \\rith a pixel s])cctra]  rcsolotion of 2.4 nm. ‘1’lic SIUICOIC ~adion~ctcrs o})c~atc  at 475-525 and
‘) 1 ()-96()  ]]nl, with t\vo different polari~  ations,  and have I dcp, ])lXcl lcsolut ion.

Sc]>:iTatc downward-  and l]]3\+,:ircl-l(,(,ki]lg?  optics alc lillkcd l,y fihcr optics bul)dlcs to all 11< gr:itillg s]~cctlonlctc~.
‘J’hc 11{ o])tics  i n c l u d e  [I shLItlcI. “1’hc  11{ dctcctoIs :irc lillcar lII(ia As photocliodc ~ilfays, w h i c h  oulpot throogll
wile connections to [i W]). ‘1’hcil  spcctlal range is 870 to 1700 nni,  spcctlfil ~csolution 6.3 nn~.

‘J’lICIC  :IIC also t\vo violet photonlctcrs, looking dowo\vard  and upward. ‘1’hcil  detectors :irc silicon photodiodcs
‘J’llcil l)and\vidth is 350 to 470 pn~; each ~ccords  as a sitlp,lc pi~c]

‘1’o  p]ovidc  ]cfcrcncc and tinling for the othcl nlcasLIIcIllcnts,  1)1S1{ uscs a SLU) scnso~ with :i t}llcc-s]it rctic]c and
a silicon photo diode to nlcasu~c  sola]- a~ilnutb :ind zenith allp,lc rcl:itivc to the rotating l)rohc.

1 )1S1< contains :] lan]p to provide addition:il illunlin:itio]l of the sulfticc of ‘1’itan for nlc:isulcnlcnt of spccttal
lcflcct[incc in the nlc(hanc  absorption l):inds.

S.2.5 l)opp]vr \4’ind ltxprrimcnt ( l ) \ \ ’It)

‘1’hc  I )opplcr W i n d  li~pcrinlcni  nlcasurcs the }lcigllt lnofilc of Yona]  wiIid  fi]d  its tolbulc~lcc. It utiliycs [in

ult I<isIal)lc  oscillato]  (1-l SO) on the lhohc and ~inothc~ o]) the (hbitc~. ‘1’hc  output flcqucncy of cac.h US() is SC(
l)y :i I ubidiun~  osci]l:itor. ‘1’hc  l’robe lJS() sets the calt icl flcqucncy of onc of the S-band transnlittcrs  on the
lhol)c. ‘HIc  flcqucncy ~cccivcd by the (hhitc~ fo~ this chanric]  is )cco](jcci and stolcd fox transn~ission to l;:i]i.li.
‘1’here it is compa~cd with that of the (h biter 11S(), ~ccordccl at the sanlc tinlc, to dctc~olinc the l)opplcr  vc]ocity
bctwccn 1’101>c [ind (h bitcl. Moclulation of the 1 )oppler  flcqucllcy  will plovidc data o]) the l’~obc spin rate, spin
phase. and pilachutc  swing,,

‘1’}Ic  long-tc]m  flcqucncy s(ahility of each (1S()  (Af/f),  OVCI the l’]obc dcsccnt time of 2 to 2.5 houls, is bcttcl
thal~ 2X 10“’O.  ‘1’hc  sholt-term stability (Allan dcviatiol]),  o\’cI 1 W s, is 1 XI O’]2.  Wind will bc n~ciisu Icd to a



precision of 1 11)/s. Vertical resolution of wi~d sbca] will vary \vith altitLldc, fron] 1800 In at 130 ton .91tituctc to
al)oul 2[) 111 at the suIfacw  22,

S.2.6 Surface Scicncc l’nclmgc  (SS1’)

‘J’l]c SuI f:icc Scicncc l’ackap,e contains scnwus  to dclcl]llinc tllc physical }nopcr(ics zind colnposilion of the
SUI face. Auiong thcln alc two picz.oc]cctric  in~]~act  accclc]omctcrs,  onc \vithil~ the clcsccnt n~ortulc,  onc on a
s]lcal, which will indicate whether the sulfficc is solid 01 liquid. ‘J’here aIc t\vo scIlsoIs (liquicl-flllccl  tLIbcs  w i t h

clcctlodcs)  to mcas Lllc tilt ribou( t\vo rIxcs tiflcr landillf,. A gloup of platinunl ~csis[ancc wires, through tww of
which a heating cullcnt  can bc pissed, will n~casurc lclll])crato~c  aTId t}lc]n]al conductivity of the sulfticc and
lo\vcI allnosphcrc and the heat capacity of ihc sLIIfacc  IIaitclial. A pair of picwc]ccttic  tlansduccls,  O]IC
It:inslnilting and the othc] lcccivillp, a 220 kl 17 ticoustic sip,llal, will ]nc:isL]]c  acoustic velocity. Anothc]
tIansdLIccr, ])ointcci downward and operating at 20 k] 1/, will condoct  acouslic soundinp,  of liquid depth, if the
l’]obc  Iancls in liquid.

Al) opening al the bottoln of the l’~obc body, wit}) a vent c~tclldillg up\vald  alo])g the l’Iobc axIs, \\’ill aclnlit
liquid. l’his will fill the s})acc bctwccn a pair of clcchodcs. ‘1’hc  capacitrillcc  bctwccn the clcctro(ics gives the
diclcctl ic constant of the liquid; the lcsistal!cc gi\’cs the clcctlical  conciucti\’ity. A ftoiit, \vith clcct]ical  ]~osition
scnso~s,  will dctclminc the liquid’s density. A SCI)SOJ to n)c:isu]c  rcflactivc  index of the liquid has 1,Itl ) light
soul ccs, a p] ism with a cul vcct swfacc , and a lineal photodiodc clctcctor anay. ‘1’hc  position of the light/datk
transition o]] the clctcctol a]lziy indicates t}lc rcflactivc  in(ic~.

6. 01’ERA’I’IONS

6.1 Orhitcr

l’o\lIcI availahlc 0]) the (h biter is not sufficient to o])criitc :ill instl u][icv)ts :in(i cnp,inccling  subsystems
sil]llllt:tllc(~Llsly, orbiter o]wfitiolls atc thc~cfo~c divided into a nulnl]cl of opclational  rnodcs,  11] ctich nlodc
po\vcI is fillocatcd an)ong tlic instl ulncnts iinct engine-cling sulv+ystcrns  as app]opliatc  fol the opcrriticnl. Son]c of
lI)c nlodcs  :itc fo] cnginccring opclations,  some fol p,athc~illg,  of scicllcc data. 1(0] cxalnplc, duling much of the
oll)ita] toul of Stit~llJ], 16 hours in a Remote Sensing hflodc will alte~natc with 8 hours in a l~iclcls, l)si]ticlcs,
Waves, and l)ow;}link Mode, In the Rcnlotc Scnsillg Mode, n]ost  of the rcnlotc sensing instl umcnts  will bc
:icquil inp, data; many of the fields al](i p:il Iiclcs illstr unlcllts \\’ill Iiot, In the l~iclcjs  ancl l’;irticlcs  Moclc, the
lc\’cIsc  \\’ill bc true, (Nhcr scicncc nloctcs will bc used during satcllilc flybys, occultations, cruise to Siituln, etc.
lns(t  wncnts not g,athcring  data will gcnc]a]ly  not bc tulncd off doling the orbit:i]  tour, hut rather will bc lcfl in a
1OW-])OWCJ  “Sleep” state. ‘1’his is to rcducc on-off thcnnal cycling, keep high volttigcs on to avoid a ncccl to turn
vo]tap,c up slowly c:ich tln~c, a]d  p]cscl ving RAM to avoid the ]Iccd to ]cload it c:ich tin)c.

‘1’hc  o])clatioll:il modes diffc~ in othcl cluilactclistics  tli[in ]w\vcI. 11) Rcnlotc Sensing, for c~anlp]c,  the (Abilcr is
oriented to lJoint rcn]otc sensing instrLlnlcnts  towald their ol)jccts of interest. ‘J’his xncans that the 1 Iigh Gain
Al]tcnna cal]nol bc pointccl to\vard lkir(}l, so tclclnctly  is sto~cd in the solid-state lcco~dcrs  for tlan.wnission later.
in the l~iclds, l’artic]cs,  Waves, and l)ownlink Mode tllc 1 liph (iai[l Antenna is pointed to ltarth, ])cnuitting
tlansn~ission of stored and Ical-tinlc  tclcmctry,  and tllc orbitc~ is ~-ollccl about the Antenna axis at 0.26 clcg/s to
plo\idc scanning about an axis additiorlal  to the articulation a~cs of some instl Llnlcnts.

‘1’IIc  I)it late a\~ailablc  on the ~onlnl:ind  and llita Subsystcll] data bus is not high cnoup,h  to pcnnit  all
instl L)nlcnts  to output tclclnctly  sinlultancously fit tl~cir lna~in~unl ralcs, ‘1’hc  (hhitcr  is switchccl  an]ong a
llunll)cr of diffclcnt  tclcmctr-y nloclcs in which the availal)lc  t)it rate is alloc:itcd  diffc~cnt]y  anlong the
instl umcnts.

So]nc of the instruments ticljust their opclating state 01 palan~ctcrs  depending on the activities of the spacecraft
or other instr Llnlcnts and what cnvil-onlncnt the ~lbitcr  is Cllcountc] illg. WhcN these othcl” conditions arc
p]cdic,tab]c flonl the command sccpcncc,  coIIImrInds  for the instl Llmcnts arc ordinarily set accor~ingly. Whcll
they atc not plcdictab]c,  or if it is sin]p]cr to handle the adjushncnt on boald, the ~on]nutncl  ancl 1 )ata Sys~cnl



I clays illrOlll~~ti  O1l f~oni  the subsystcm  proviciing tbc illfolll]ation 10 the instl LImcnts  tl~:it nccci it. Spcciflcaliy,
illfol  [nation on spawct  aft attitude anti its rate of chaup,e, warnings of tl]~ us(cr  fll ings, nwasurwncnts of the
lnagllclic f]clci vector, ancl noliccs of opclatio]l  of the souncic] ald 1 .anp,muir pIobc in the Raciio and l’lasnm
Wave Scicncc  inst]-unlcnt,  arc brozicicast  for usc by the Gissini l’las~na Spcctron~ctcr, ~osnlic  l)ust Analyz.cr, and
h4:l~~}]ctos])llc1ic  ln~aginp, lnsl~ unlcnl.

6.2 l’rollr

‘1’hcIc  is no ]aciio transmissiml link to tbc 1 Iuygcns  1’Jobc  tiftcv it sc})aratcs  flolll the (hbitcr;  it is wholcly
autollon)ous. ‘1’bc J luyp,cns  Atmospheric Stl-ucturc ]nstrunlcnt is turned on to acquire data duling cnhy. ‘1’hc
otllcr it]stl umcllts atc turllcd on irl a }>rc-~)rc)glar~)rlicd  scquc IIcc aftcl tbc l’]obc cover is rc]cascci. ‘1’hc lhobc goes
tb]oup,il  five successive power configurations, irl tvhich  the availab]c power is allocated dif~crcntly anlong (1)c
var ios ilwtl LIIucnts.  opclation  is col]ttollcci by tinwls, accciclatiol]  sc.nsols, altilnclc.1s,  anti sun sensor, ‘1’hc
I’Io1)c’s  (k)r]ln~and  arid l)ata Manap,cnlcnt Subsystc]ll Inoadcasts altitude and spirl ]atc d:it:i to tbc instrurnc]lts.
])ata coiicctiol, g,ocs thIougb t h r e e  s u c c e s s i v e  s(cjIs ill which tbc rrvailahlc  ciata  r a t e  i s  a l l o c a t e d  (iiffc[cntly

aIIIOj  Ipl the iilstl umcnts7.

7. SIJfVIi MARY

‘J’hc (llssini  nlission \vill lxing ci.gbtccli scientific instrun~cnts  to Stituln Atlcr the spacecraft is inscrtcci  into
S[ituril o)l)it, it \viil scpa]atc into a Stituril (h biter :il]ci a]) titlilosphcric  probe, callcci I luygcns, which wril] dcsccnci
to tile slirfacc of ‘1’it:in ‘1’hc  orbitcl  \vill olbit tllc plar~ct  fm f o u r  y e a r s ,  \vith CIOSC  flybys of lkcclticlus, l)ionc,

R h e a  aIICi l:iimtas, a n d  m u l t i p l e  c l o s e  flybys  of ‘1’itan.

‘1’lIc (hl)itcr is ti]rcc-a~is  stabilized.. Its twelve scicncc irist~uli~cnts alc l>ocly-rl~otll~tcci; tbc spacecraft n~ust bc
tulncci to imil]t tbcm towa~d objects of interest, optical  instrulncnts provicic i m a g e r y  an(i  spcctromctry  a t

\vavclcl)p>tbs  fl O]n 55 1111)  to 1 l]m) A r:ici:ir instlurncnt sup]~]ics synthetic ai)crta]c inlaging, allinlctly,  and
nliclowavc ~adiomctly.  S-, X-, and Ka-band  link nlcasulcn]cnts bct\vccn  (hl~ilcr  and }ia~th  \vill plovicic
info] m:itiorl almut i n t r o  vcning m:itcli:il :ind gtavity flcl(is. l~icl(i a n d  p:iI  ticlc instr Llmcmts  ~vill mc{isurc  magnclic
aIici clcctl  ic flclcls, pl:isma propcr(ics,  and tbc flux and p~opcl tics of dust and icc p:irticlcs, Ma~inlun~ downlink
late flom S:iturn  is 142 kb/s.

‘1’I]c  I’Io1)c is s}>in-sttibiliycci. A heat shic]ci dccclc~atcs  it a]ici ]Jrotccts  it fro~i~ heat ciuring cntl-y to ‘1’itan’s
:itll K@l CIC, ])a I:i  ChUt CS thC1l  S]OWJ  ltS dCSCCllt  tO thC SUl”fLi CC.. “J’hc  lhobc  earl ics six instl Luncnts. ‘J’hcsc incluclc
scnso]s  to cictclininc  a t m o s p h e r i c  pbysic:i] p r o p e r t i e s  alIci chcnlica]  c o m p o s i t i o n , optic:ii sensors will  obsm w

tcIII]JcI~ituIcs  :iIICi tiICIIIIal  btiltincc  and obtain irn[ig,cs  of ‘1’itan’s atn~oslhclc atld SUI face. 1 x)pplcI n~casLucnlcnts
o\’cI ti]c ]:i(iio link from I)IOI)C  to (h biter wiil ilIo\’idc  wl]](i  plofllcs, Sol face sensors a]c callicci to nlcasuIc
ili~i)act :iccclcv:ition, thc~mal p~opcltic.s  of the SUI face n)atcrial  and, if the sulfacc is Iiquici, its density, rcfl-active

ill(ic~, clcctl ]ca] plopcrtics,  anti acoustic velocity. ‘J’hc l’lol)c  rctullIs its ciata  vi:i an S-banci link to  t}lc Obitc].

MLICh of the inforn~:ition  ia this p:ipcr corncs flow~ Glssini  l]jojcct ciocu]acnts pcparcci  by tbc l’rincipal
lnvcs(lgators, (~o-lnvcstig[ito~’s, lnst]  Llrncnt Managers, Irlst~ LIn]c]]t ]h~p,il]ccrs, ]’ayload Accornn~od:itions
ILnp,inrcrs,  an(i lnvcsligatior~ Scientists.

‘J’lic wo]k cicscribcd  in tilis paper wis call icci out [it ti]c .Ic( l’fopolsion  1.aboratory, California lnstitLltc of
‘1’cchno]og,y,  uncicr a contriict with the Ntiticmil Aclollautics  and Space Administration, :ind at the JLuropcarl
Sl):icc ‘1’cchllo]ogy CC])(CI , supported by the 1 ;uroi>can  Space Agency. ‘1’hc AntcnIM and Radio h’rcqucncy
lnstr  umcrlt Subsystems anti scvcIal  otbcr instrumcn[  asscmb]ics  were pl-ovidcd by the ltalian  Space Agency. ‘1’hc
space :igcncics  of IJrancc, GCIIImIIy, (J]litcd Kinp,(imti, l~inlanci, NoI way, SwcCic II, 1 Iungary,  anti l~clanci p~ovidcd
(kssini instl Llmcnts,  instrLlmcnt asscmb]ics and soflwarc, soft\ v:irc wilici:ition,  :il)d instl Llnlcnt  ground sLlpport
c.c]uipl~]cnt  Iinci soft\val c.
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